Mon. Not. R. Astron. Soc. OOP. miT(11 ('2005') Printed 5 February 2008 (MN I*TeX style file v2.2) 
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ABSTRACT 

We present new K- and L'-band imaging observations for members of the young 
(3-5 Myr) a Orionis cluster, obtained with UIST at UKIRT. We determine {K - L') 
colour excesses with respect to the photospheres, finding evidence for warm cir- 
cumstellar dust around 27 out of 83 cluster members that have masses between 
0.04 Mq and 1.0 M0. This indicates a circumstellar disc frequency of at least 
(33 ±6)% for this cluster, consistent with previous determinations from smaller sam- 
ples ( Olivcira. Jeffries & van Loon 2004) and also consistent with the 3 Myr disc half- 
life suggested by Hais ch. Lada fc Ladal <j2001tj|) . There is marginal evidence that the 
disc frequency declines towards lower masses, but the data are also consistent with no 
mass-dependence at all. There is no evidence for spatial segregation of objects with 
and without circumstellar discs. 

Key words: circumstellar matter - infrared: stars - stars: pre-main-sequence - stars: 
low-mass, brown dwarfs - open clusters and associations: individual (ct Orionis) 



1 INTRODUCTION 

Circumstellar discs play an important role in the formation 
and early evolution of low-mass stars. There is ample empiri- 
cal evidence that the majority of stars are born with circum - 
stellar discs jHaisch. Lada fc Ladalbood: iLada et alJl200Cl) . 
It has also become clear that dust d iscs are removed rela- 
tively quickly, likely within 10 Myr iHaisch. Lada fc Ladal 
l2001tf) . As the building blocks for planetary systems, it 
is imperative that we understand disc processes. In par- 
ticular the timescale for disc dissipation is crucial in de- 
termininR whether pl anets form and on what timescales 
iBrandner et al. J|2000|) a nd might contr ol exoplanet growth 
and migration (ILecar fc Sasselovlf2003|) . It is also not well 
understood how the star formation environment might con- 
dition disc evolution and consequently planet formation. 

Recently, a huge observational effort has been chan- 
nelled into determining the disc frequency in star forming 
regions, in order to empirically constrain the disc destruction 
timescale. Circumstellar dust discs are cooler than the stel- 
lar photospheres, therefore they irradiate mainly at infrared 
(IR) wavelengths. In pa rticular, a, (K — L) colour excess is 
a robust disc indicator jWood et alj l2002V at least for the 
first few Myr; for older associations the inner disc becomes 
optically thin and dust excesses are only detected at l onger 
wavelengths JUchida et ai]l2004l : iMeeeath et a l "2005Y Us- 
ing [K — L) excess as a disc indicator lHalgd^t al. (,20Qlb,) 
determine that within the first 3 Myr approximately half of 
the dust discs disappear and that at 6 Myr most low-mass 



E-mail: joana@astro.keele.ac.uk 



stars have lost their discs. This timescale relies on few clus- 
ters with rather uncertain ages; observations of more clusters 
in the crucial 3—5 Myr age range are essential. 

The a Orionis association was first identified in 
ROSAT images as a concentration of bright X-ray sources 
around the mas sive multiple syste i n llWolklll996[). Photo- 
metr ic surveys jBeiar et alJ I2001I: ISherrv Walter fc Wolkl 
identified a score of pre-main-sequence (PMS) 
candidate s well into the brown dwarf regime and 
iZapatero Osorio et alJ (l200(Jl discovered several objects 
with masses below the deuterium burning limit (for on- 
going surveys on very-low-mass cluster candidates see 
ICaballerol 120051) . Optical spectroscopy has been used 
to confirm membersh i p for many cluster candidates 
iZapatero Osorio et alJ I2OO2I: [Barrado y Navascues e t alJ 



20031 iKenvon et al.l l2005l) . Tscholz fc Eisloffell ll2004D in- 
vestigate variabilit y and rotation in very low-mass clus- 
ter members while iFranciosini. Pallavicini fc Sanz-Forcadal 
(2005) analysed the 'KMM-Newton X-ray properties of 
PMS stars within the central 30 arcmin area. The age of 
the cluster is 3— 5 Myr (e.g. , I Zaoatero Osorio et al.l l2002l : 
lOliveira. Jeffries fc van for an Hipparcos dis- 

tance (to the central star) of 352 pc. The reddening to- 
wards the cluster namesake is low, E[B — V) = 0.05 (e.g., 
iBrown et aIlll994^ . 

We have been inves tigating the IR prop e rties o f the 
a Ori cluster members. 'Van Lo on fc Oliveiral ll2003ll and 
rOlivei ra fc van Loon (200^4) use mid-IR imaging and spec- 
troscopy to confirm several objects as classical T Tauri stars 
(CTTS) and therefo re likely members of the <j Ori cluster. 
lOliveira et al.l (|20^) use {K — L') excesses for a sample of 
24 cluster members to constrain the cluster disc frequency; 
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they found that (46 ± 14)% of cluster members retain their 
discs. We have since expanded that thermal-IR survey; we 
here present new imaging observations of an additional 59 
cluster members in the K- and L'-bands. We compute the 
disc frequency for the complete sample of 83 cluster mem- 
bers and investigate the mass dependence of disc dissipation 
across a wider mass range. 



2 SAMPLE OF CLUSTER MEMBERS 

Targets were selected fro m several samples fr o m th e 
literature. Objects from IZaoatero Qsorio et alJ i2002l) . 
iBarrado j^^jjjvggguesgt^^ (|200.'^ ). l^to^eroU^^D (|200.'^ ) 
and iKenvon et al.l l|2005 n have been confirmed as cluster 
members using a combination of spectroscopic indicators: 
the presence of the Li I 6708 A line, a weak Na I IR dou- 
blet and radial velocity measurements. We did not choose 
members identified on the basis of strong Ha emission in 
order not to bias the sample towards objects with accretion 
discs. To complement the sample at the higher mass end 
we selected high photometric probabili ty (> 70 %) member s 
from the optical and near-lR sample of lSherrv et al.l l)2004l . 
There are also 2 targets from the photometric sample of 
iBeiar et al.l J200J) . 

Fig.0 shows the //(/ — J) colour-magnitude dia- 
gram of the observe d sample as well as the sample from 
lOliveira et al.l (|2004l . together with isochrones and evolu- 
tionary tracks from Baraffc_ct al. (1998i'l , adop ting the Hip- 
parcos distance of 352 pc. loiiveira et al.l l)2004h investigated 
whether differential reddening should be taken into account; 
they found that the only objects to exhibit significant red- 
dening also display an IR excess. We could use the red- 
dening determination towa rds a Ori itself, but it is rather 
small {E{B - V) = 0.05, iBrown et all Il994ll in particu- 
lar at IR wavelengths; therefore we follow loiiveira et alJ 
(|2q3) and do not de-redden targets' magnitudes and 
colours. The masses of the cluster members are then in 
the range 0.04— 1.0 M©, with 6 objects below the brown 
dwarf boundary. The median age of the sample is 4.2 Myr, 
consi stent with pr evious determinations, e.g., 4.2l^ g Myr 
from loiiveira et al . (2002). If a larger distance of 440 pc 
is adopte d, the isochronal a ge of the cluster decreases to 
2.5 Myr JSherrv et alj |2004^ — and the computed PMS 
masses are only slightly increased. In any of these stud- 
ies the presence of hitherto unidentified binaries can cause 
the age determination to be biased towards younger ages. 
A small average reddening would also cause the cluster to 
appear younger, but in the case of the a Ori cluster this ef- 
fect is negligible. Fr om the absence of lithium de pletion in 
the cluster members. IZaoatero Osorio et alJ ()200 2h estimate 
an upper limit to the cluster age of 8 Myr. Cluster members 
also appear to prese nt a large age spread (see di scussions in 
loiiveira et al.1200'3 and lBurningham et al EqQ^. The effect 
of different age estimates is taken into account later in this 
discussion. 
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Figure 1. //(/ — J) colour- magnitude diagram o f the observed 
a Ori cluster members, from loiiveira et"aiTi2004) and new ob- 
servations; double-circle objects exhibit a 2-cr {K — L') ex- 
cess (see Sect .|4JJ. Isochrones and evolutionary tracks are from 
iBaraffe et alj il998l) and the Hipparcos distance of 352 pc is used. 
No extinction correction is performed (see text). 



3 OBSERVATIONS: K AND L'-BAND 
IMAGING 

The K- and L'-band imaging was performed with the 
imager spectrometer UIST at the United Kingdom In- 
frared Telescope (UKIRT) over semesters 2003B and 2005A. 
These observa t ions c losely follow the strategy described in 
loiiveira et al.l i2004ft therefore we just summarise the few 
major points. 

Ks-ban d magnitudes from 2MASS (Two Micron All 
Sky Survey, ICutri et alJl2003^ were used to set the expo- 
sure times in this band, while evolutionary models from 
iBaraffe et alJ I^Q^) provided estimates of the L-band pho- 
tospheric magnitudes of the targets, in the absence of cir- 
cumstellar emission. Observations were performed under 
UKIRT flexible scheduling rules, so that conditions were op- 
timal (dry conditions and seeing better than 0.6 arcsec). To- 
tal exposure times in the L'-band range from ~2— 60min, 
while K-band exposures lasted 1 min. To minimise the ef- 
fects of variability, observations in the two filters were con- 
secutive. Images were reduced and combined using ORAC- 
DR (the UKIRT data reduction and high level instru- 
ment control software) and aperture photometry was per- 
formed with GAIA (Graphical Astronomy and Image Anal- 
ysis Tool), both Starlink packages. Calibration onto the 
MK O-NIR (Mauna Kea Observatory Near-Infrared) sys- 
tem (iTokunaga. Simo ns fc_Wcca[j20( d) was achieved using 
photometric standards jLeggett et al.ll2003l. and also the 
UKIRT Veb page): SAO 112626 (L' = 8.56 ± 0.01 mag) and 
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Table 1. New photometry of crOri cluster members. Column 1 is the target number, columns 2 and 3 are the targets' 2MASS positions, 
column 4 is the /c magnitude, columns 5—10 are the 2MASS J, H, Kb magnitudes with uncertainties, columns 11 — 14 are the new MKO-IR 
K and L' magnitudes with uncertaintie s and colu mn 15 gives the targ et identification. Objects with a label S or K, followed by an ID 
number, were iden tified respect ively bv ISherrv eTal. 1.2004,1 orlKenyon et aL I.2005IV Object IDs like 4771-1097 and r053833-0236 are 
X-ray sources from lWollJ ll99(i) — see also TzapateroOsorioetan^ 



RA DEC Ic J H Ks K L' Identification 

m s-j j-d m s-j (mag) (mag) (mag) (mag) (mag) (mag) 



1 


05 


39 


39, 


.38 


-2 


17 


04, 


,5 


12, 


.96 


11, 


.611 


0, 


.023 


10, 


.714 


0, 


.023 


10, 


.172 


0, 


.024 


10, 


.207 


0, 


.009 


9, 


.193 


0, 


,040 


S 33 




2 


05 


38 


35, 


.87 


-2 


30 


43, 


,3 


12, 


.43* 


11, 


.245 


0, 


.026 


10, 


.598 


0, 


.023 


10, 


.424 


0, 


,024 


10, 


.429 


0, 


.009 


10, 


.257 


0, 


,029 


4771-1097 




3 


05 


38 


44, 


.23 


-2 


40 


19, 


,7 


12, 


.33* 


11, 


.363 


0, 


.026 


10, 


.688 


0, 


.024 


10, 


.439 


0, 


.024 


10, 


.382 


0, 


,009 


9, 


.651 


0, 


,027 


4771-1051 




4 


05 


38 


39, 


.82 


-2 


56 


46, 


,2 


12, 


.76* 


11, 


.413 


0, 


.027 


10, 


.744 


0, 


.023 


10, 


.439 


0, 


.021 


10, 


.452 


0, 


,009 


9, 


.664 


0, 


,026 


S 145 




5 


05 


38 


47, 


.92 


-2 


37 


19, 


,2 


13, 


.58 


12, 


.018 


0, 


.042 


11, 


.239 


0, 


.046 


10, 


.776 


0, 


.037 


10, 


.945 


0, 


.010 


10, 


.080 


0, 


,026 


S 102 




6 


05 


38 


53, 


.07 


-2 


38 


53, 


,6 


12, 


.78* 


11, 


.625 


0, 


.026 


11, 


.034 


0, 


.026 


10, 


.828 


0, 


.025 


10, 


.780 


0, 


,010 


10, 


.455 


0, 


,022 


S 166 




7 


05 


37 


24, 


.27 


-2 


19 


07, 


,6 


12, 


.76 


11, 


.722 


0, 


.024 


11, 


,039 


0, 


.024 


10, 


.844 


0, 


.023 


10, 


.846 


0, 


.009 


10, 


.707 


0, 


,070 


S 99 




8 


05 


37 


51, 


,61 


-2 


35 


25, 


,7 


13, 


.38 


11, 


,894 


0, 


,026 


11, 


.172 


0, 


.023 


10, 


.977 


0, 


.022 


11, 


.009 


0, 


.010 


10, 


.796 


0, 


,054 


S 125 




9 


05 


39 


08, 


.53 


-2 


51 


46, 


,6 


13, 


,23 


11, 


.948 


0, 


.024 


11, 


.201 


0, 


.023 


11, 


.028 


0, 


.024 


10, 


.982 


0, 


.010 


10, 


.812 


0, 


,020 


S 61 




10 


05 


38 


08, 


.27 


-2 


35 


56, 


,3 


13, 


.64 


12, 


.142 


0, 


.026 


11, 


.376 


0, 


,023 


11, 


.047 


0, 


,019 


11 


.265 


0, 


,010 


10, 


.801 


0, 


,024 


S 41 




11 


05 


38 


34, 


.06 


-2 


36 


37, 


,5 


13, 


.72 


11, 


.980 


0, 


.027 


11, 


,330 


0, 


.024 


11, 


.077 


0, 


.027 


10, 


.988 


0, 


,001 


10, 


.612 


0, 


,025 


r053833-0236 




12 


05 


39 


33, 


.79 


-2 


20 


39, 


,9 


13, 


.62 


12, 


,367 


0, 


,026 


11, 


.598 


0, 


.023 


11, 


.429 


0, 


.023 


11, 


.495 


0, 


.010 


11, 


.235 


0, 


,015 


S 138 




13 


05 


36 


29, 


.09 


-2 


35 


48, 


,3 


13, 


.76* 


12, 


.443 


0, 


.024 


11, 


,689 


0, 


.031 


11, 


.495 


0, 


.023 


11, 


.438 


0, 


,010 


11, 


.429 


0, 


,064 


S 143 




14 


05 


38 


37, 


.94 


-2 


05 


52, 


,4 


13, 


.45 


12, 


.345 


0, 


,027 


11, 


,723 


0, 


.024 


11, 


.502 


0, 


.023 


11, 


.500 


0, 


,010 


11, 


.280 


0, 


,043 


S 168 




15 


05 


38 


58, 


.55 


-2 


15 


27, 


,8 


13, 


.92 


12, 


.514 


0, 


.027 


11, 


,790 


0, 


.024 


11, 


.551 


0, 


.021 


11, 


.570 


0, 


.010 


11, 


.337 


0, 


,096 


S 46 




16 


05 


38 


36, 


.69 


-2 


44 


13, 


,7 


14, 


.36 


12, 


.538 


0, 


.027 


11, 


.891 


0, 


,026 


11, 


.623 


0, 


.028 


11, 


.583 


0, 


.011 


11, 


.264 


0, 


,054 


S 16 




17 


05 


38 


20, 


.50 


-2 


34 


09, 


,0 


14, 


.38 


12, 


.652 


0, 


.026 


11, 


.918 


0, 


.023 


11, 


.648 


0, 


.019 


11, 


.810 


0, 


.010 


11, 


.044 


0, 


,022 


r053820-0234 




18 


05 


39 


02, 


.77 


-2 


29 


55, 


,8 


14, 


.14 


12, 


.611 


0, 


.028 


12, 


,001 


0, 


.024 


11, 


.694 


0, 


.023 


11, 


.657 


0, 


oil 


11, 


.452 


0, 


,088 


S 28 




19 


05 


38 


18, 


.86 


-2 


51 


38, 


,8 


14, 


.28 


12, 


.808 


0, 


.023 


12, 


,039 


0, 


,023 


11, 


.733 


0, 


.021 


11, 


.750 


0, 


.011 


11, 


.137 


0, 


,112 


S 39 




20 


05 


38 


23, 


.65 


-3 


01 


33, 


,2 


14, 


.14 


12, 


.751 


0, 


,023 


12, 


,147 


0, 


.026 


11, 


.908 


0, 


.024 


11, 


.884 


0, 


.011 


11, 


.823 


0, 


,050 


S 38 




21 


05 


37 


54, 


.05 


-2 


44 


40, 


,7 


14, 


.59 


13, 


.016 


0, 


.026 


12, 


.339 


0, 


.026 


12, 


.104 


0, 


.022 


12, 


.058 


0, 


.012 


12, 


.134 


0, 


,200 


S 68 




22 


05 


38 


50, 


.78 


-2 


36 


26, 


,8 


15, 


.06 


13, 


.112 


0, 


.026 


12, 


.445 


0, 


,027 


12, 


.200 


0, 


.025 


12, 


.180 


0, 


.012 


11, 


.800 


0, 


134 


K 9 




23 


05 


39 


49, 


.45 


-2 


23 


45, 


,9 


15, 


.15 


13, 


.404 


0, 


.030 


12, 


.758 


0, 


,030 


12, 


.438 


0, 


.030 


12, 


.300 


0, 


,013 


11, 


.847 


0, 


,047 


SOri J053949.3- 


-022346 


24 


05 


39 


20, 


.97 


-2 


30 


33, 


,5 


15, 


.40 


13, 


.286 


0, 


.027 


12, 


.753 


0, 


.027 


12, 


.438 


0, 


.029 


12, 


.359 


0, 


.013 


11, 


.959 


0, 


,043 


SOri3 




25 


05 


39 


05, 


.24 


-2 


33 


00, 


,6 


14, 


.97 


13, 


,394 


0, 


,028 


12, 


.720 


0, 


.024 


12, 


.462 


0, 


.027 


12 


.500 


0, 


.016 


12, 


.269 


0, 


,034 


K 5 




26 


05 


38 


23, 


.58 


-2 


20 


47, 


,6 


15, 


.24 


13, 


.412 


0, 


.026 


12, 


,799 


0, 


,029 


12, 


.490 


0, 


.031 


12, 


.452 


0, 


.014 


11, 


.866 


0, 


,077 


K 14 




27 


05 


38 


44, 


.49 


-2 


40 


30, 


,5 


14, 


.98 


13, 


.365 


0, 


.034 


12, 


.724 


0, 


.033 


12, 


.497 


0, 


.035 


12, 


.418 


0, 


,016 


12, 


.095 


0, 


,042 


K 6 




28 


05 


37 


52, 


.11 


-2 


56 


55, 


,2 


15, 


.26 


13, 


,395 


0, 


,028 


12, 


.826 


0, 


.024 


12, 


.515 


0, 


.025 


12 


.477 


0, 


.017 


12, 


.009 


0, 


,059 


K 15 




29 


05 


39 


39, 


,32 


-2 


32 


25, 


,3 


15, 


.48 


13, 


,435 


0, 


,027 


12, 


.910 


0, 


.023 


12, 


.526 


0, 


.027 


12 


.497 


0, 


.016 


12, 


.075 


0, 


,030 


SOri 4 




30 


05 


38 


23, 


.32 


-2 


44 


14, 


,2 


15, 


.27 


13, 


.462 


0, 


.027 


12, 


.852 


0, 


,023 


12, 


.562 


0, 


.024 


12, 


.550 


0, 


,017 


12, 


.321 


0, 


,025 


K 16 




31 


05 


38 


47, 


.66 


-2 


30 


37, 


,4 


15, 


.33 


13, 


.449 


0, 


.030 


12, 


.847 


0, 


,026 


12, 


.585 


0, 


.025 


12, 


.512 


0, 


,015 


12, 


.152 


0, 


,025 


SOri 6 




32 


05 


39 


01, 


.16 


-2 


36 


38, 


,9 


15, 


.11 


13, 


.522 


0, 


,027 


12, 


.895 


0, 


,027 


12, 


.605 


0, 


.027 


12 


.593 


0, 


.014 


12, 


.236 


0, 


111 


K 10 




33 


05 


38 


16, 


.10 


-2 


38 


04, 


,9 


15, 


.17 


13, 


.583 


0, 


,027 


12, 


.878 


0, 


,023 


12, 


.612 


0, 


.032 


12 


.589 


0, 


.017 


12, 


.267 


0, 


,066 


K 12 




34 


05 


36 


46, 


.91 


-2 


33 


28, 


,3 


15, 


.28 


13, 


.547 


0, 


.024 


12, 


.968 


0, 


,030 


12, 


.660 


0, 


.028 


12, 


.604 


0, 


,015 


12, 


.479 


0, 


,031 


K 17 




35 


05 


37 


15, 


.16 


-2 


42 


01, 


,6 


15, 


.07* 


13, 


.617 


0, 


.029 


12, 


.996 


0, 


.031 


12, 


.776 


0, 


.030 


12, 


.670 


0, 


,015 


12, 


.499 


0, 


,220 


SOriJ053715.1- 


-024202 


36 


05 


39 


50, 


.57 


-2 


34 


13, 


,7 


15, 


.39 


13, 


.677 


0, 


.030 


13, 


.002 


0, 


.026 


12, 


.732 


0, 
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Figure 2. Colour-colour diagrams for the 87 cOri cluster members; from left to right and top to bottom: JHKs from 2MASS, JHKL', 
HKsKL' and IJKL' from 2MASS and our UKIRT observations. The solid and dashed lines are respectively the empirical loci for 
main-sequence (to spectral type M6) and giant stars and the dotted lines are reddening bands (see text). Double-circle objects have 2-cr 
(K — L') excess detections. In the JHKL' and IJKL' diagrams we indicate (open squares) objects with Ha equivalent width indicative of 
stellar accretion fSect. lS^ . Open diamonds in the IJKL' diagram show the colours of main-sequence stars with spectral types MO— M6. 



FSll {K = 11.241 ± 0.008 mag), where uncertainties are 
derived from multiple measurements. 

The targets' positions, Ic magnitudes, 2MASS J, H and 
Ka photometry, the new K- and L'-band measurements and 
identifications are listed in Table^ 7c magnitudes are mostl y 
from optical observations described in lKenvon" et al.U2005l) . 
The 6 objects indicated by * in Tablefflwere either saturated 
or out of t heir survey ar e a; in these cases we used photom- 
etry f rom ISherrv et al.l ||2004) and IZapatero Osorio et alJ 
i2002h . In the analysis described here, we merge the present 



sample (59 objects) with the sample from lOliveira et alJ 
( 2004, 28 objects) as the method for object selection is iden- 
tical. The total sample thus comprise s 87 objects alth ough 
the 4 known IRAS sources from .Oliveira et alJ l|200^ are 
excluded from the discussion of the IR excesses and disc 
frequency, as their selection criteria were different from the 
remainder of the sample. 



http: / /www. jach.hawaii.edu/UKIRT/astronomy/ 
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4 ANALYSIS OF THE (A' L') COLOURS OF 
THE CLUSTER MEMBERS 

A {K ~ L) excess in a y oung star has been proven to be 
a reliable disc diagnostic (iHaisch et alJlioOlal : IWood et alJ 
[2002). Determining whether an object has such an excess can 
be done in two ways: by using colour-colour diagrams, or, if 
the object's spectral type is known, by directly computing 
the excess above the photospheric emission. 

4.1 Colour-colour diagrams 

Fig-Hl shows several colour-colour diagrams for all 87 clus- 
ter members. Each diagram shows the object's colours with 
respect t o the loci of m a in-seq uence and giant stars — 
loci from iBessell fc Bretd lll988h are converted to the ap- 
propriate photometric syst ems using transfo rmations from 
iHawarden et al.l (120011) and lCarpenteil i200ll) . Objects have 
an excess in {H — Ks) or (K — L') colour when they appear 
to the right of the reddening band {JHKs and JHKL' dia- 
grams, top of Fig.|5J . Few objects show an excess in (H—Ks), 
as expected since only accreting discs with high-mass accre- 
tion rates have dust warm enough to produce an excess in 
the K-band (Sect. lF!^ . In the JHKL'disLgrsan, 33 objects 
out of the 83 objects appear to the right of the redden- 
ing band, indicating a disc frequency of ~ (40 ±7)%. Early 
type objects with small excesses may remain undetected. 
The computed disc frequency also d epends on the adop ted 
spectral type boundary, as noted bv lLada et al.l (|20o3). In 
the next sections we compute {K — L') excesses and iden- 
tify objects with circumstellar discs, taking into account the 
corresponding uncertainties. 

Fig-Hi (bottom right) also shows the IJKL' colour- 
colour diagram for the target sample. In this diagram the 
giant locus (dashed line) sits below the main-sequence lo- 
cus (solid line). This diagram offers a very clean method 
of identifying objects with circumstellar discs (i.e. objects 
that appear above the main-sequence locus) and it is free of 
some of the problems that affect the usage of other colour- 
colour diagrams. In particular for late spectral types, the 
main-sequence locus is for all effects horizontal, meaning 
that uncertainties in a star's (/ — J) colour (e.g., due to 
accretion variability or stellar activity) do not significantly 
affect the identification of an {K — L') excess. Furthermore, 
the effect of reddening is to move a star's position approx- 
imately along the same locus, again having a small impact 
in the disc analysis. This diagram is also more sensitive to 
early type objects with small excesses and does not depend 
on any ad hoc spectral-type boundary. Using this diagram, 
the {K — L') disc frequency for a Ori cluster members is 
~ (50 ± 7)%, higher than determinations using the JHKL' 
colour-colour diagram and measured {K — L') excesses (see 
next section). It is clear that the derived disc frequency is 
somewhat dependent on the method used. 

4.2 {K — L') excesses 

We can compute {K — L') excesses individually for each 
young star if spectral types are known or can estimated. 
As it can be seen from Table|21 spectral types are only 
known for a small fra ction of the observed sample. Following 
lOliveira et al.l i2004l) . for objects without published spectral 



types, we estimate these from the observed colours. We use 
tabulated relati o ns be tween colours and spectral type from 
iBessell fc Bretd lll98dl . converted to the appropriate pho- 
tometric system. We estimate the spectral type that corre- 
sponds respectively to the observed (/ — J) and (H — Kb) 
colours — for objects with no obvious [H — Kg) excess, 
Sect. l5.3l These two quantities are then averaged to compute 
the values listed in Table|5| (indicated by f). These spectral 
type determinations are uncertain by about a subclass (see 
lOliveira etHI |2004| . for a full discussion); spectral types 
measured from optical spectroscopy typically have quoted 
uncertainties of half a subclass. Accordingly, the excess error 
listed in the table combines in quadrature the photometric 
errors with this spectral type error. Fig.|3| shows the spec- 
tral types (both estimated and known from the literature) 
for the sample, plotted against I-band magnitude. A simi- 
lar diagr am (effectively a colour-magnitude diagram) can be 
found in lBarrado v Navascues et al. i2003l) . For each spec- 
tral type, the "scatter" in magnitude is similar between ob- 
jects with published and estimated spectral types, suggest- 
ing reliable spectral type determinations. Both (J — J) and 
[H — Kb) colours can be affected by the disc itself and inter- 
stellar reddening. However, we find good agreement between 
spectral types computed by this colour method and derived 
directly from spectroscopy. Furthermore, a mere glance at 
the IJKL' diagram in Fig.|5| shows that the disc frequency 
determined in this way is not very sensitive to spectral type 
(e.g., (/ — J)) uncertainties (see next paragraph). Therefore 
we are confident these spectral type determinations are ap- 
propriate, as an aide for the disc frequency determination 
and as long as spectral type uncertainties are taken into ac- 
count. 

Of the 83 cluster members in the sample (IRAS sources 
excluded), 27 objects have 2-g significant [K — L') ex- 
cesses, indicating a disc frequency of (33 ±6)%. This value 
is consistent, at t he 1- a level, with (46 ±14)% computed 
bv lOliveira et all (|20o3) for a subset of 24 objects (but see 
Sect. l5.2|l . These figures are conservative, as we demand a 2- 
(T significant detection as a disc indicator. Furthermore, for 
fainter targets increasing L'-band uncertainties mean that 
we might be unable to detect a small excess. The analysis 
of the IJKL' diagram in Fig.|21 confirms that all 2-cr de- 
tections are reliable and it also suggests that more objects 
might have a [K — L') excess, just not statistically signif- 
icant. Thus this disc frequency should be taken as a lower 
limit. 



5 DISCUSSION 

5.1 Sample contamination and X-ray luminosities 

Most of our sample has supporting spectroscopic evidence 
of cluster membership (i.e. their spectra show spectroscopic 
indicators of youth and their radial velocities are consis- 
tent with cluster membership, see Sect.j^J but 19 objects 
are selected only on the basis of their photometry. Because 
contaminating field stars would be unlikely to have circum- 
stellar emission it is important to assess the level of this con- 
tamination and determine its effect on our derived disc fre- 
quencies. As young stars are (on average) much more X-ray 
luminous than any older contaminating field objects (e.g.. 
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Table 2. IR excesses for the target sample. Column 2 gives the spectral type; f indicates objects with spectral types estimated from 
their colours. Columns 3, 4 and 5 and 6, 7 and 8 are the measured colours, excesses and uncertainties, respectively for {H — Kb) and 
(K — L'). Column 9 is the H a equivalent width, EW[Hal. Column 10 gives references for the spectral type classification and/or EWf Hg] : 
IZapatero Osorio et all <200l ZO02), Barrado v Navascucs ct al. (2003, B03), Schol z fc Eisloffcl 1 2004, SE04) and MuzcroUc ct al. 1 2003. 
M03). "a" in column 9 indicates accreting objects, based on Ha emission line width iKenvon et al .i2005l K05). Column 11 is the objects' 
identifications. 
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Figure 4. X-ray luminosities for crOri cluster members and candidates from iFranciosini et al.l j200^. Filled circles are "HMM-Newton 
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Figure 3. Spectral types versus I-band magnitude for observed 
cluster members. Filled symbols are objects which have published 
spectral types, determined from optical spectra, while open sym- 
bols represent objects with spectral types determined from ob- 
served colours. The scatter in computed spectral types is not sig- 
nificantly larger than the scatter from "classical" spectral typing. 



iFeigelson et aliboO^t l. we can use X-ray luminosities as an- 
other membership indicator. 

IFranciosini et al] ^2005^ have recently analysed XMM- 
Newton observations of an EPIC field centered on the O-star 
crOri (area of diameter ~30arcmin). From our sample, 51 
targets lie within the EPIC field of view. Cross-correlating 
these targets with the X-ray data we find 30 objects with 
X-ray detections and 3-a upper limits for the rest. 

The X-ray luminosities are presented as a function of 
{R — /) colour in Fig.|^ Of the 19 photometric candidates, 
8 are in the EPIC field and 5 are detected with X-ray lumi- 
nosities greater than lO^^ergs"^. It is highly unlikely that 
contaminating field M- dwarfs would have X-ray luminosi- 
ties as high as this (see l.leffries et ai]l200(l and references 
therein for an analysis of X-ray luminosity evolution with 
time), and so these 5 young M stars are highly probable 
cluster members. The 3 non-detections are at colours of 
{R — I) > 1.7 where the lack of an X-ray detection does not 
adequately discriminate between very young stars and field 
M-dwarfs because the X-ray survey is not sensitive enough. 
Indeed, many spectroscopically confirmed members are not 
detected in X - rays at these colours (Fig.|lJ. According to 
iKenvon et alJ (|22Q^, almost all objects in photometrically 
selected cluster samples with {R — I) > 1.7 are revealed as 
genuine cluster members when spectroscopic indicators are 
used, so we have little doubt that the contamination among 
these cool photometrically selected candidates is very small. 

Even if we were reasonably conservative and use 
the published ph otometric membership probabilities of 
ISherrv et alJ ll2004) — i.e. ignoring the X-ray evidence — we 
estimate that 17% of the 19 photometric candidates might 
be contaminants. Even if these ~ 3 objects are assumed not 
to have discs and are removed from the sample it cannot 
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raise the deduced disc frequency significantly. Alternatively, 
we can simply ignore the 11 photometric cluster candidates 
that lie outside the EPIC field of view and therefore have no 
supporting X-ray evidence for their membership. The result- 
ing disc frequency is still 32%, consistent with our estimates 
in the previous section. We have also confirmed that such 
a procedure would not affect our conclusions regarding any 
mass dependence of the disc frequency (see next section). 

The disc frequency for objects in the EPIC field is 
(33 ±8)% while the disc frequency for objects outside this 
central area is (31 ± 9)%. These estimates are indistinguish- 
able from the total disc frequency of (33 ±6)%, thus we find 
no evidence for any spatial segregation of objects with and 
without circumstellar discs. 



5.2 Mass dependence of disc frequency 

One of the main goals behind the a Ori cluster survey was 
to investigate the possibility of a mass dependence in the 
disc frequency. Using the colour-magnitude diagram and 
isochrones from Fig.0 we have determined the masses and 
ages of the cluster members. We have divided the sample 
in 3 mass bins and determined the disc frequency in each 
bin. The mass bins are M^O.SM©, 0.5 M© > M ^ 0.1 M© 
and 0.1 Mq > M ^ 0.04 M©; the respective disc frequencies 
are 11/26 or (42 ±13)%, 13/45 or (28 ±8)% and 3/12 or 
(25 ± 14)%. Thus, there is a hint of a decrease in disc fre- 
quency towards lower masses that could al so explain the 
slightl y higher disc frequency determined bv lOliveira et all 
||2QQ^. However this result is not conclusive and these disc 
frequencies are entirely consistent with no mass dependence. 
In particular in the lower mass bin, objects have redder in- 
trinsic colours and with increasing uncertainties in the L'- 
band photometry, the measurements are less capable of iden- 
tifying excesses. 

It is still not clear whether disc freq uencies or d i sc dis - 
sipation time scales are mass dependent. iLada et al.l (l2000l) 
find high disc frequencies from F to late M spectral types 
for the 1 Myr-old Trapezium cluster, suggesting that the 
probability of disc formation around a star is both high 
and essential ly mass ind e pende nt. However, in their more 
recent work, iLada et alJ l|2004|) find a hint that the disc 
frequency around brown dwarfs in the Trapezium cluster 
might be lower than around stellar objects, but completeness 
issues make t his res ult inconclusive. For IC 348 (2—3 Myr) 
iHaisch et all (l2001a^ suggest a disc frequ ency decrea s e from 
spectral types G down to M. Recently, iLada et al.l ll2006ll 
analysed Spitzer near- and mid-IR photometry of IC 348 and 
they find that the disc frequency peaks for late-K to early- 
M spectral types, suggesting that disc dissipation is mass 
dependent. The disc frequencies we have determined for the 
different mass bins are consistent with the IC 348 result but 
are also statistically consistent with a single disc frequency 
for the (7 Orionis cluster across the mass range. To settle this 
question in a conclusive way, it would be necessary to gather 
a larger sample of very low-mass cluster members with bet- 
ter signal-to-noise ratio measurements in the L-band. 

5.3 Accretors in the cr Ori cluster 

Strong Ha emission and broad line profiles were the 
classical indicator of young stars with discs, but we 



now know that they only iden t ify actively ac c reting 
discs (e.g., IWhite fc Basril 120031: iMuzerolle eraP l2003l : 
iBarrado v Navascu^^^dT 20o3l !^ In our sample, 33 ob- 
jects have Ha equivalent width measurements (EW[Ha]) 
or have been id entified as accretors based on the width of 
the Ha pr ofile (iKenvon et al.l l2005^ (Table|21 and Fig.l^. 
Using the IWhite fc Basril J2003t) "criterion of EW[Ha] as 
a function of spectral type, we can identify stars with 
a Ha "excess emission", i.e. objects that exhibit emis- 
sion strong enough to indicate active accre t ion on to the 
star — the iBarrado v Navascues fc Martini ll2003l) crite- 
rion could also be used, yielding the same results. Out of 
these 33 cluster members, 10 stars have accretion discs; 
a fraction of (30 ± 10)% consistent wit h previous re- 
sults (30-40%. IZapatero Osorio et alJl2002l and (27 ± 7)%, 
IBarrado v Navascues et alJl2003fl . Of the 10 objects with an 
accretion disc, 8 objects have 2-(j significant [K — L') disc 
detections, while 2 fainter objects have {K — L') excesses at 
a significance level > l.S-cr (marginal disc detections). Thus, 
probably all Ha-identified accretors have circumstellar discs 
indicated by a {K — L') excess. However, 6 objects show a 
{K — L') excess but no Ha excess emission, i.e. as expected 
not all objects with discs are actively accreting. 

Of the total sample of 87 objects, 11 stars or about (13± 
4) % show a 2-a (H—Ks) excess, al so considered an accretion 
indicator ijHillenbrand et al] ll998'l — this is consistent with 
previous determi nations, (6±4) % from Oliveira et aU (.20o3) 
and 5—12% from IBarrado v Navascues et al.l i2003[) . Of the 
33 objects with Ha measurements, 5 objects show an excess 
in the Ks-band. We note that not all objects with {H — Kb) 
excess show Ha excess emission and vice- versa (Fig.jSJ, a 
fact that can be understood in terms of var iability, either 
in the Ha profile lICuenljie^j^^mBrs^ ^ or in the Kg- 
band magnitudes iCarpenter et al.ll200lf) . 

The comparison of these indicators reinforces the "hi- 
erarchy" of disc identifiers. In a sample of young objects 
with measurements of all three disc indicators: a [K — L') 
excess identifies most (if not all) circumstellar discs, Ha ex- 
cess emission identifies those discs actively accreting, while 
{H — K) excesses identify discs with higher accretion rates, 
with factors like s ystem geometry and st ellar parameters 
also playing a role iHillenbrand et al]ll998fl . 



6 SUMMARY 

We present new K and L' observations of PMS stars in the 
a Orionis cluster, obtained at UKIRT. We have computed 
the disc frequency of the cluster using a 2-a {K — L') ex- 
cess as the disc indicator. Of the 83 cluster members in the 
sample, 27 objects have a circumstellar disc, indicating a 
disc frequenc y of (33 ±6)% , consistent with previous de- 
terminations iOliveira et alJl2004^ . If instead the JHKL' 
colour-colour diagram is used to identify discs, the disc fre- 
quency would be (40 ±7)%. With an age of 3— 5 Myr, this 
disc frequency is consistent with the 3 Myr disc half-life as 
determined by Haisch et al. L2001h'l . As the age of the clus- 
ter is uncertain (values between 2.5 Myr and 8 Myr can be 
found in the literature) we are unable to derive firmer con- 
clusions on the disc dissipation timescale, but an older age 
for the a Ori cluster would imply a slower rate of disc dis- 
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Figure 5. Ha measurements as a function of spectral type and (K — L') colour. Objects eitli er have EW[Ha] measurements in Tablej^ 
(filled circles) or have been identified as accretors based on the line width iKenvon et al.l2005l open circles). Double-circle objects have 
2-a significant (K — L') e xcesses while diamonds are objects with 2-a significant {H — Kb) excesses (see text). The full lines represent 
the Fwhitc fc Basril l2003l) criterion for the identification of accreting cluster members. 



persal. We find no evidence of spatial segregation of objects 
with or without circumstellar discs. 

We have investigated a possible mass dependence of 
the disc frequency. We find that for stars more mas- 
sive than 0.5 M0 the disc frequency is (42 ±13)%, de- 
creasing to (28 ±8)% and (25 ±14)% respectively for 
stars with masses in the range 0.5 M© > M ^ 0.1 and 
0.1 M© >M^O.Q4M0. These different disc frequencies are 
statistically consistent with a single disc frequency across 
the mass range. On the other hand, it could also hint at a 
mass depende nce of the d i sc freq uency in the same sense as 
that found bv lLada et all J200d) in IC 348. 

For some cluster members in our sample. Ha equivalent 
width measurements are also available. We investigate the 
hierarchy of disc indicators and confirm that a {K — L') ex- 
cess identifies the majority of circumstellar discs. Ha excess 
emission identifies discs actively accreting, while a {H — K) 
excess identifies discs with higher accretion rates primarily 
around the more massive young stars. 
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